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Performance Assessment and Evaluation of Hydrophobic and Ultraviolet
Protective Treatments for Historic Log Structures
Abstract
This thesis focuses on the evaluation of the durability of traditional and modern sustainable hydrophobic and
ultraviolet (UV) resistant treatments for historic log structures such as those found at the Bar BC Dude Ranch
in Grand Teton National Park, WY. These treatments are evaluated on a variety of criteria including
performance in accelerated weathering, ecological sustainability, and impact on aesthetic and heritage
character. Like many log structures in the American West, Grand Teton National Park’s historic structures are
exposed to a large amount of UV radiation. In addition to problems delineated from contact with water, the
physical fabric of wood is damaged by UV light through degradation of lignin. Exposed wooden members are
often affected by this damage in a matter of days. The small depth of penetration restricts damage to surface
area. However, when combined with shrinkage and swelling of water sorption or abrasion from weathering,
surface material delaminates, exposing untreated surfaces for further delignification and loss of fabric.
Accelerated weathering was conducted using a QUV Weatherometer in the Architectural Conservation
Laboratory (ACL) which simulates weathering by subjecting samples to cycles of UV-B light, heat,
condensation, and sprayed water. While artificial weathering occurs in more intense, concentrated cycles than
those in nature, results can be a good indicator of the longer-term performance of the treatments. Five modern
and two historically-used treatments were chosen for testing on samples of lodgepole pine (Pinus contorta
latifolia), a common building material in the area, obtained from a supplier in the region. Samples were
monitored every 100 hours to observe surface degradation and were then evaluated pre- and post-weathering
using microscopic analysis, Fourier Transform Infrared Spectroscopy (FTIR), contact angle measurements,
and color measurements with a spectrophotometer. Supplementary natural weathering will be conducted on
site this summer in order to verify lab results, and the combined results of the lab and field testing programs
will inform the Park’s conservation and maintenance program for the many historic log structures in their care.
This testing was performed in cooperation with the National Park Service (NPS) and the Western Center for
Historic Preservation (WCHP).
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January  25.9  0.9  2.59  43.3  28 
February  31.1  3.3  1.89  28.8  33 
March  39.3  12.0  1.57  20.1  31 
April  49.3  22.2  1.49  9.2  12 
May  61.0  30.8  1.91  2.4  0 
June  70.7  37.3  1.76  0.1  0 
July  80.5  41.5  1.16  0  0 
August  79.0  39.6  1.35  0  0 
September  69.1  32.2  1.44  0.4  0 
October  55.7  23.1  1.44  4.8  0 
November  38.3  13.7  2.16  23.4  4 
December  26.5  1.9  2.55  40.0  16 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 CON‐1 & CON‐2 72.77 8.9 / 8.4 72.77  n/a
  CON‐3 & CON‐4 70.27 8.0 / 7.6 70.27  n/a
   CON‐5 & CON‐6 74.46 8.9 / 8.9 74.46  n/a
Linseed Oil      
 LIN‐1 & LIN‐2  73.09 8.5 / 8.3 74.93  1.84
  LIN‐3 & LIN‐4  62.28 7.2 / 7.8 64.45  2.17




           
 PAR‐1 & PAR‐2  76.41 8.2 / 8.7 77.18  0.77
  PAR‐3 & PAR‐4  63.82 7.5 / 7.1 65.01  1.19
   PAR‐5 & PAR‐6  76.67 9.8 / 9.6 76.86  0.19
DEFY 
Extreme             
 DEF‐1 & DEF‐2  76.87 7.6 / 8.1 78.22  1.35
  DEF‐3 & DEF‐4  60.57 7.3 / 6.9 62.15  1.58
   DEF‐5 & DEF‐6  66.75 7.9 / 8.5 67.57  0.82
Armstrong’s 
Wood Stain             
 ARM‐1 & ARM‐2 74.30 8.9 / 9.5 76.02  1.72
  ARM‐3 & ARM‐4 73.28 8.0 / 7.8 75.51  2.23
  ARM‐5 & ARM‐6 79.13 9.1 / 8.7 81.18  2.05
TWP 1500 
Natural                
  TWP‐1 & TWP‐2 58.01 6.8 / 6.6 59.27  1.26
  TWP‐3 & TWP‐4 73.01 8.6 / 9.0 73.87  0.86
   TWP‐5 & TWP‐6 73.83 7.9 / 8.4 74.59  0.76
Flood CWF 
UV‐5             
 FLO‐1 & FLO‐2  76.11 8.7 / 9.2 77.21  1.10
  FLO‐3 & FLO‐4  72.84 9.7 / 9.8 73.72  0.88
   FLO‐5 & FLO‐6  78.66 9.8 / 9.8 79.27  0.61
Messmer's 
UV Plus             
 MES‐1 & MES‐2 68.68 7.9 / 8.4 69.56  0.88
  MES‐3 & MES‐4 66.74 7.6 / 7.3 67.88  1.14
   MES‐5 & MES‐6 67.88 7.3 / 7.3 69.10  1.22
Curved      
 LIN‐CURV & FLO‐CURV  88.94  6.3 / 7.1  90.43  1.49 
  PAR‐CURV & AND DEF‐CURV  96.58  5.2 / 6.3  96.70  0.12 
  ARM‐CURV & TWP‐CURV  91.43  8.9 / 8.9  91.39  0.04 













































































































































































































































































































































































































































































































































































































































































































































CON‐1 & CON‐2 72.77 8.9 / 8.4 71.71 8.6 / 8.7 n/a 1.06 1.46
CON‐3 & CON‐4 70.27 8.0 / 7.6 69.14 7.4 / 7.6 n/a 1.13 1.61
CON‐5 & CON‐6 74.46 8.9 / 8.9 72.49 7.3 / 7.5 n/a 1.97 2.65
Linseed Oil
LIN‐1 & LIN‐2 74.93 8.5 / 8.3 73.30 8.3 / 8.3 1.84 1.63 2.18
LIN‐3 & LIN‐4 64.45 7.2 / 7.8 62.65 7.1 / 7.4 2.17 1.80 2.79
LIN‐5 & LIN‐6 77.71 9.5 / 9.5 75.67 9.1 / 9.5 1.15 2.04 2.63
Paraffin and 
Mineral Spirits
PAR‐1 & PAR‐2 77.18 8.2 / 8.7 75.55 9.2 / 9.8 0.77 1.63 2.11
PAR‐3 & PAR‐4 65.01 7.5 / 7.1 63.35 6.8 / 7.1 1.19 1.66 2.55
PAR‐5 & PAR‐6 76.86 9.8 / 9.6 74.67 9.2 / 8.6 0.19 2.19 2.85
DEFY Extreme
DEF‐1 & DEF‐2 78.22 7.6 / 8.1 76.48 8.2 / 8.6 1.35 1.74 2.22
DEF‐3 & DEF‐4 62.15 7.3 / 6.9 60.77 7.9 / 7.7 1.58 1.38 2.22
DEF‐5 & DEF‐6 67.57 7.9 / 8.5 65.65 8.1 / 8.2 0.82 1.92 2.84
Armstrong's 
Wood Stain
ARM‐1 & ARM‐2 76.02 8.9 / 9.5 74.16 8.7 / 8.9 1.72 1.86 2.45
ARM‐3 & ARM‐4 75.51 8.0 / 7.8 73.95 8.4 / 8.2 2.23 1.56 2.07
ARM‐5 & ARM‐6 81.18 9.1 / 8.7 79.78 9.8 / 9.8 2.05 1.14 1.40
TWP 1500 
Natural
TWP‐1 & TWP‐2 59.27 6.8 / 6.6 57.47 6.2 / 6.6 1.26 1.80 3.04
TWP‐3 & TWP‐4 73.87 8.6 / 9.0 72.08 8.7 / 8.6 0.86 1.79 2.42
TWP‐5 & TWP‐6 74.59 7.9 / 8.4 72.80 7.9 / 8.1 0.76 1.79 2.40
Flood CWF UV‐
5
FLO‐1 & FLO‐2 77.21 8.7 / 9.2 75.58 8.7 / 9.3 1.10 1.63 2.11
FLO‐3 & FLO‐4 73.72 9.7 / 9.8 71.60 8.5 / 9.0 0.88 2.12 2.88
FLO‐5 & FLO‐6 79.27 9.8 / 9.8 77.38 9.2 / 9.8 0.61 1.89 2.38
Messmer's UV 
Plus
MES‐1 & MES‐2 69.56 7.9 / 8.4 67.82 6.8 / 7.1 0.88 1.74 2.50
MES‐3 & MES‐4 67.88 7.6 / 7.3 66.24 7.2 / 7.4 1.14 1.64 2.42




90.43 6.3 / 7.1 90.30 6.3 / 6.1 1.49 0.13 0.14
PAR‐CURV & AND 
DEF‐CURV 96.70 5.2 / 6.3 96.63 5.7 / 5.5 0.12 0.07 0.07
ARM‐CURV & 
TWP‐CURV 91.39 8.9 / 8.9 90.46 8.1 / 6.8 0.04 0.93 1.02
CON‐CURV & 






































































































































Control  n/a  24.69  n/a 
Linseed  17.23  29.25  13.99 
Paraffin  2.59  25.75  5.69 
Defy  4.12  30.04  8.30 
Armstrong  21.27  20.48  8.92 
TWP  26.89  15.43  14.22 
Flood  22.88  26.30  22.64 






















































































































































































































































































CON‐1 97.9 87.6 135.9 132.1
CON‐2 95.9 88.4 127.5 134.7
CON‐3 94.5 90.4 149 140.2
CON‐4 107.4 104.8 141.9 151.1
CON‐5 80.3 80.3 109.3 67.9
CON‐6 96.2 91.1 100.7 96.8
Linseed Oil
LIN‐1 84.9 84.9 85 82.1
LIN‐2 81.3 78.9 71.6 78.5
LIN‐3 85.6 86.7 83.5 85.2
LIN‐4 77.7 73.8 66.9 65.9
LIN‐5 71.9 68.7 72.4 72.1
LIN‐6 86.4 81.9 70.1 78.7
Paraffin and 
Mineral Spirits
PAR‐1 77.9 80.4 n/a n/a
PAR‐2 74.4 74.2 n/a n/a
PAR‐3 93.9 88 n/a n/a
PAR‐4 67.7 64.7 146.7 70.7
PAR‐5 84.8 88.7 76.9 113
PAR‐6 75.2 76.9 131.4 132.5
DEFY Extreme 
(Clear)
DEF‐1 107.8 99.9 86.2 82.1
DEF‐2 93.1 97.6 79.9 80.5
DEF‐3 74.9 72.8 76.8 78.4
DEF‐4 57 58.8 81.2 86.6
DEF‐5 64.2 61.8 88.4 86.4
DEF‐6 61.4 61.2 77.7 81.3
Armstrong 
(Natural)
ARM‐1 63 66.4 76.6 73.6
ARM‐2 67.6 65.6 82.2 88.3
ARM‐3 74.2 72 68.6 69.5
ARM‐4 64.7 64.5 69.3 69.5
ARM‐5 75.7 74.8 84.2 79.6
ARM‐6 67.8 69.9 78.9 74.8
TWP 1500 
(Natural)
TWP‐1 67.4 69 71.2 73.3
TWP‐2 59.9 59.1 57.8 56.6
TWP‐3 68.6 69.2 60.1 63.1
TWP‐4 47.7 49.1 61.4 67.5
TWP‐5 67.4 69.5 67.1 72.2
TWP‐6 65.5 65.5 65.1 65.6
Flood CWF UV‐5 
(Natural)
FLO‐1 74.2 74.4 92.4 109.9
FLO‐2 79.7 80.6 101.3 100.5
FLO‐3 78.9 77.5 106.4 107.5
FLO‐4 96.4 96.5 94.4 97.2
FLO‐5 83.1 84.1 94.9 95.8
FLO‐6 80.2 88.2 98.3 97.1
Messmer's UV 
Plus (Natural)
MES‐1 81.8 80.3 71.5 69.8
MES‐2 80.3 77.9 80.2 88.8
MES‐3 76.2 77.4 78.5 80.3
MES‐4 92.5 88.4 72.3 73.6
MES‐5 72.8 71.2 62 60.8























































































Sample  Column2  Left Angle  Right Angle 
Control  t Stat  ‐3.8661949  ‐2.1222655
t Critical  2.13184679  2.13184679
Pass / fail?:  pass  pass 
Linseed Oil  t Stat  2.51723465  1.03982978
t Critical  2.13184679  2.13184679
Pass / fail?:  fail  pass 
Paraffin and Mineral Spirits  t Stat  ‐3.257006  ‐2.9743208
t Critical  2.13184679  2.13184679
Pass / fail?:  pass  pass 
DEFY Extreme (Clear)  t Stat  ‐1.47785  ‐1.4786087
t Critical  2.13184679  2.13184679
Pass / fail?:  pass  pass 
Armstrong (Natural)  t Stat  ‐1.9140455  ‐1.6685677
t Critical  2.13184679  2.13184679
Pass / fail?:  pass  pass 
TWP 1500 (Natural)  t Stat  ‐0.132254  ‐0.5959862
t Critical  2.13184679  2.13184679
pass/fail?:  pass  pass 
Flood CWF UV‐5 (Natural)  t Stat  ‐3.0560729  ‐2.8516753
t Critical  2.13184679  2.13184679
pass/fail?:  pass  pass 

















































































Hours   Date   Time  Cycle  Point in Cycle 
100  3/8/15  10:30 PM  condensation  2 hours into cycle 
200  3/13/15  2:31 AM  condensation  3 hours into cycle 
300  3/17/15  9:00 AM  condensation  30 minutes into cycle 
400  3/21/15  3:00 PM  ultraviolet  30 minutes into cycle 
500  3/25/15  7:00 PM  ultraviolet 
3 hours 30 minutes 
into cycle 
600  3/30/15  12:35 AM  condensation 
3 hours 15 minutes 
into cycle 
700  4/3/15  7:30 AM  condensation  1 hour into cycle 


































































































Sample  1 ‐ Bad  2 ‐ Poor  3 ‐ Fair  4 ‐ Good  5 ‐ Excellent 
CON‐1        X       
CON‐2     X          
CON‐3     X          
CON‐4     X          
CON‐5           X    














































Sample  1 ‐ Bad  2 ‐ Poor  3 ‐ Fair  4 ‐ Good  5 ‐ Excellent 
LIN‐1        X       
LIN‐2        X       
LIN‐3     X          
LIN‐4           X    
LIN‐5        X       











































Sample  1 ‐ Bad  2 ‐ Poor  3 ‐ Fair  4 ‐ Good  5 ‐ Excellent 
PAR‐1  X             
PAR‐2  X             
PAR‐3        X       
PAR‐4        X       
PAR‐5        X       


















































Sample  1 ‐ Bad  2 ‐ Poor  3 ‐ Fair  4 ‐ Good  5 ‐ Excellent 
DEF‐1  X             
DEF‐2  X             
DEF‐3  X             
DEF‐4     X          
DEF‐5           X    














































Sample  1 ‐ Bad  2 ‐ Poor  3 ‐ Fair  4 ‐ Good  5 ‐ Excellent 
ARM‐1     X          
ARM‐2              X 
ARM‐3              X 
ARM‐4           X    
ARM‐5     X          


















































Sample  1 ‐ Bad  2 ‐ Poor  3 ‐ Fair  4 ‐ Good  5 ‐ Excellent 
TWP‐1           X    
TWP‐2              X 
TWP‐3  X             
TWP‐4  X             
TWP‐5        X       

















































Sample  1 ‐ Bad  2 ‐ Poor  3 ‐ Fair  4 ‐ Good  5 ‐ Excellent 
FLO‐1        X       
FLO‐2        X       
FLO‐3     X          
FLO‐4        X       
FLO‐5  X             
















































Sample  1 ‐ Bad  2 ‐ Poor  3 ‐ Fair  4 ‐ Good  5 ‐ Excellent 
MES‐1  X             
MES‐2           X    
MES‐3  X             
MES‐4  X             
MES‐5     X          

































































































































































































































































Control 2 n/a 5 n/a 1 2 n/a
Linseed Oil 8 9 4 6 2 9 7
Paraffin and Mineral 
Spirits 2 1 5 8 1 2 1
DEFY Extreme 5 8 7 9 5 7 7
Armstrong's Wood 
Stain (Natural) 7 10 9 9 4 8 9
TWP 1500 Series 
(Natural) 8 5 4 6 3 10 8
Flood CWF UV‐5 
(Clear) 4 3 6 2 2 5 4
Messmer's UV Plus 






























































































































































































































































































































































































































































































































































































































































































































































Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 








Appendix B - Microscopic Analysis of Surfaces and Treatments              
1x Magnifi caƟ on
173
Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 








1x Magnifi caƟ on
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 








10x Magnifi caƟ on
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 








10x Magnifi caƟ on
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Linseed Oil 1, Pre-Weathering
Allbäck Boiled Organic Linseed Oil:
Linseed Oil 1, Post-Weathering
Linseed Oil 2, Pre-Weathering
Linseed Oil 3, Pre-Weathering
Linseed Oil 2, Post-Weathering
Linseed Oil 3, Post-Weathering
1x Magnifi caƟ on
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Linseed Oil 4, Pre-Weathering Linseed Oil 4, Post-Weathering
Linseed Oil 5, Pre-Weathering
Linseed Oil 6, Pre-Weathering
Linseed Oil 5, Post-Weathering
Linseed Oil 6, Post-Weathering
1x Magnifi caƟ on
Allbäck Boiled Organic Linseed Oil:
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Linseed Oil 1, Pre-Weathering Linseed Oil 1, Post-Weathering
Linseed Oil 2, Pre-Weathering
Linseed Oil 3, Pre-Weathering
Linseed Oil 2, Post-Weathering
Linseed Oil 3, Post-Weathering
10x Magnifi caƟ on
Allbäck Boiled Organic Linseed Oil:
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Linseed Oil 4, Pre-Weathering Linseed Oil 4, Post-Weathering
Linseed Oil 5, Pre-Weathering
Linseed Oil 6, Pre-Weathering
Linseed Oil 5, Post-Weathering
Linseed Oil 6, Post-Weathering
10x Magnifi caƟ on
Allbäck Boiled Organic Linseed Oil:
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Paraﬃ  n and Mineral Spirits 1, Pre-Weathering
Paraﬃ  n and Mineral Spirits:
Paraﬃ  n and Mineral Spirits 1, Post-Weathering
Paraﬃ  n and Mineral Spirits 2, Pre-Weathering
Paraﬃ  n and Mineral Spirits 3, Pre-Weathering
Paraﬃ  n and Mineral Spirits 2, Post-Weathering
Paraﬃ  n and Mineral Spirits 3, Post-Weathering
1x Magnifi caƟ on
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Paraﬃ  n and Mineral Spirits 4, Pre-Weathering Paraﬃ  n and Mineral Spirits 4, Post-Weathering
Paraﬃ  n and Mineral Spirits 5, Pre-Weathering
Paraﬃ  n and Mineral Spirits 6, Pre-Weathering
Paraﬃ  n and Mineral Spirits 5, Post-Weathering
Paraﬃ  n and Mineral Spirits 6, Post-Weathering
1x Magnifi caƟ on
Paraﬃ  n and Mineral Spirits:
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Paraﬃ  n and Mineral Spirits 1, Pre-Weathering Paraﬃ  n and Mineral Spirits 1, Post-Weathering
Paraﬃ  n and Mineral Spirits 2, Pre-Weathering
Paraﬃ  n and Mineral Spirits 3, Pre-Weathering
Paraﬃ  n and Mineral Spirits 2, Post-Weathering
Paraﬃ  n and Mineral Spirits 3, Post-Weathering
10x Magnifi caƟ on
Paraﬃ  n and Mineral Spirits:
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Paraﬃ  n and Mineral Spirits 4, Pre-Weathering Paraﬃ  n and Mineral Spirits 4, Post-Weathering
Paraﬃ  n and Mineral Spirits 5, Pre-Weathering
Paraﬃ  n and Mineral Spirits 6, Pre-Weathering
Paraﬃ  n and Mineral Spirits 5, Post-Weathering
Paraﬃ  n and Mineral Spirits 6, Post-Weathering
10x Magnifi caƟ on
Paraﬃ  n and Mineral Spirits:
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
DEFY Extreme 1, Pre-Weathering DEFY Extreme 1, Post-Weathering
DEFY Extreme 2, Pre-Weathering
DEFY Extreme 3, Pre-Weathering
DEFY Extreme 2, Post-Weathering
DEFY Extreme 3, Post-Weathering
1x Magnifi caƟ on
DEFY Extreme Exterior Clear Wood Stain:
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
DEFY Extreme 4, Pre-Weathering DEFY Extreme 4, Post-Weathering
DEFY Extreme 5, Pre-Weathering
DEFY Extreme 6, Pre-Weathering
DEFY Extreme 5, Post-Weathering
DEFY Extreme 6, Post-Weathering
1x Magnifi caƟ on
DEFY Extreme Exterior Clear Wood Stain:
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
DEFY Extreme 1, Pre-Weathering DEFY Extreme 1, Post-Weathering
DEFY Extreme 2, Pre-Weathering
DEFY Extreme 3, Pre-Weathering
DEFY Extreme 2, Post-Weathering
DEFY Extreme 3, Post-Weathering
10x Magnifi caƟ on
DEFY Extreme Exterior Clear Wood Stain:
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
DEFY Extreme 4, Pre-Weathering
DEFY Extreme Exterior Clear Wood Stain:
DEFY Extreme 4, Post-Weathering
DEFY Extreme 5, Pre-Weathering
DEFY Extreme 6, Pre-Weathering
DEFY Extreme 5, Post-Weathering
DEFY Extreme 6, Post-Weathering
10x Magnifi caƟ on
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Armstrong’s Wood Stain 1, Pre-Weathering Armstrong’s Wood Stain 1, Post-Weathering
Armstrong’s Wood Stain 2, Pre-Weathering
Armstrong’s Wood Stain 3, Pre-Weathering
Armstrong’s Wood Stain 2, Post-Weathering
Armstrong’s Wood Stain 3, Post-Weathering
1x Magnifi caƟ on
Armstrong’s Wood Stain for Decks (Natural Tone):
189
Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Armstrong’s Wood Stain 4, Pre-Weathering Armstrong’s Wood Stain 4, Post-Weathering
Armstrong’s Wood Stain 5, Pre-Weathering
Armstrong’s Wood Stain 6, Pre-Weathering
Armstrong’s Wood Stain 5, Post-Weathering
Armstrong’s Wood Stain 6, Post-Weathering
1x Magnifi caƟ on
Armstrong’s Wood Stain for Decks (Natural Tone):
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Armstrong’s Wood Stain 1, Pre-Weathering Armstrong’s Wood Stain 1, Post-Weathering
Armstrong’s Wood Stain 2, Pre-Weathering
Armstrong’s Wood Stain 3, Pre-Weathering
Armstrong’s Wood Stain 2, Post-Weathering
Armstrong’s Wood Stain 3, Post-Weathering
10x Magnifi caƟ on
Armstrong’s Wood Stain for Decks (Natural Tone):
191
Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Armstrong’s Wood Stain 4, Pre-Weathering
Armstrong’s Wood Stain for Decks (Natural Tone):
Armstrong’s Wood Stain 4, Post-Weathering
Armstrong’s Wood Stain 5, Pre-Weathering
Armstrong’s Wood Stain 6, Pre-Weathering
Armstrong’s Wood Stain 5, Post-Weathering
Armstrong’s Wood Stain 6, Post-Weathering
10x Magnifi caƟ on
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
TWP 1500 1, Pre-Weathering TWP 1500 1, Post-Weathering
TWP 1500 2, Pre-Weathering
TWP 1500 3, Pre-Weathering
TWP 1500 2, Post-Weathering
TWP 1500 3, Post-Weathering
1x Magnifi caƟ on
TWP 1500 Natural Stain (Natural Tone):
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
TWP 1500 4, Pre-Weathering TWP 1500 4, Post-Weathering
TWP 1500 5, Pre-Weathering
TWP 1500 6, Pre-Weathering
TWP 1500 5, Post-Weathering
TWP 1500 6, Post-Weathering
1x Magnifi caƟ on
TWP 1500 Natural Stain (Natural Tone):
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
TWP 1500 1, Pre-Weathering TWP 1500 1, Post-Weathering
TWP 1500 2, Pre-Weathering
TWP 1500 3, Pre-Weathering
TWP 1500 2, Post-Weathering
TWP 1500 3, Post-Weathering
10x Magnifi caƟ on
TWP 1500 Natural Stain (Natural Tone):
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
TWP 1500 4, Pre-Weathering
TWP 1500 Natural Stain (Natural Tone):
TWP 1500 4, Post-Weathering
TWP 1500 5, Pre-Weathering
TWP 1500 6, Pre-Weathering
TWP 1500 5, Post-Weathering
TWP 1500 6, Post-Weathering
10x Magnifi caƟ on
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Flood CWF UV-5 1, Pre-Weathering Flood CWF UV-5 1, Post-Weathering
Flood CWF UV-5 2, Pre-Weathering
Flood CWF UV-5 3, Pre-Weathering
Flood CWF UV-5 2, Post-Weathering
Flood CWF UV-5 3, Post-Weathering
1x Magnifi caƟ on
Flood CWF UV-5 PenetraƟ ng Wood Finish for Fences, Decks, and Siding (Natural Tone (Clear)):
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Flood CWF UV-5 4, Pre-Weathering Flood CWF UV-5 4, Post-Weathering
Flood CWF UV-5 5, Pre-Weathering
Flood CWF UV-5 6, Pre-Weathering
Flood CWF UV-5 5, Post-Weathering
Flood CWF UV-5 6, Post-Weathering
1x Magnifi caƟ on
Flood CWF UV-5 PenetraƟ ng Wood Finish for Fences, Decks, and Siding (Natural Tone (Clear)):
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Flood CWF UV-5 1, Pre-Weathering Flood CWF UV-5 1, Post-Weathering
Flood CWF UV-5 2, Pre-Weathering
Flood CWF UV-5 3, Pre-Weathering
Flood CWF UV-5 2, Post-Weathering
Flood CWF UV-5 3, Post-Weathering
10x Magnifi caƟ on
Flood CWF UV-5 PenetraƟ ng Wood Finish for Fences, Decks, and Siding (Natural Tone (Clear)):
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Flood CWF UV-5 4, Pre-Weathering
Flood CWF UV-5 PenetraƟ ng Wood Finish for Fences, Decks, and Siding (Natural Tone (Clear)):
Flood CWF UV-5 4, Post-Weathering
Flood CWF UV-5 5, Pre-Weathering
Flood CWF UV-5 6, Pre-Weathering
Flood CWF UV-5 5, Post-Weathering
Flood CWF UV-5 6, Post-Weathering
10x Magnifi caƟ on
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Messmer’s UV Plus 1, Pre-Weathering Messmer’s UV Plus 1, Post-Weathering
Messmer’s UV Plus 2, Pre-Weathering
Messmer’s UV Plus 3, Pre-Weathering
Messmer’s UV Plus 2, Post-Weathering
Messmer’s UV Plus 3, Post-Weathering
1x Magnifi caƟ on
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Messmer’s UV Plus 4, Pre-Weathering Messmer’s UV Plus 4, Post-Weathering
Messmer’s UV Plus 5, Pre-Weathering
Messmer’s UV Plus 6, Pre-Weathering
Messmer’s UV Plus 5, Post-Weathering
Messmer’s UV Plus 6, Post-Weathering
1x Magnifi caƟ on
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Messmer’s UV Plus 1, Pre-Weathering Messmer’s UV Plus 1, Post-Weathering
Messmer’s UV Plus 2, Pre-Weathering
Messmer’s UV Plus 3, Pre-Weathering
Messmer’s UV Plus 2, Post-Weathering
Messmer’s UV Plus 3, Post-Weathering
10x Magnifi caƟ on
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
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Surface InspecƟ on with Leica MZ16a Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Messmer’s UV Plus 4, Pre-Weathering
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
Messmer’s UV Plus 4, Post-Weathering
Messmer’s UV Plus 5, Pre-Weathering
Messmer’s UV Plus 6, Pre-Weathering
Messmer’s UV Plus 5, Post-Weathering
Messmer’s UV Plus 6, Post-Weathering
10x Magnifi caƟ on
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Stain InspecƟ on with Olympus CX31 Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 4x
Allbäck Boiled Organic Linseed Oil:
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 10x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 20x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 40x
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Stain InspecƟ on with Olympus CX31 Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 4x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 10x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 20x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 40x
Paraﬃ  n and Mineral Spirits:
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Stain InspecƟ on with Olympus CX31 Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 4x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 10x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 20x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 40x
DEFY Extreme Exterior Clear Wood Stain:
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Stain InspecƟ on with Olympus CX31 Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 4x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 10x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 20x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 40x
Armstrong’s Wood Stain for Decks (Natural Tone):
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Stain InspecƟ on with Olympus CX31 Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 4x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 10x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 20x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 40x
TWP 1500 Natural Stain (Natural Tone):
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Stain InspecƟ on with Olympus CX31 Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 4x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 10x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 20x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 40x
Flood CWF UV-5 PenetraƟ ng Wood Finish for Fences, Decks, and Siding (Natural Tone (Clear)):
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Stain InspecƟ on with Olympus CX31 Microscope and photographs taken with a Nikon 
DS Fi-1 Camera with NIS Elements BR SoŌ ware
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 4x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 10x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 20x
Ocular Mag: 10x, Trinocular Mag: 0.6x, 
ObjecƟ ve Mag: 40x
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
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Appendix C - Color Changes                                                                                     
Summary of Color Changes:
212
Summary of Color Changes:
213
Summary of Color Changes:
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Sample 1 Before and AŌ er Weathering
Sample 2 Before and AŌ er Weathering




Sample 4 Before and AŌ er Weathering
Sample 5 Before and AŌ er Weathering




Sample 1 Before and AŌ er Treatment
Sample 2 Before and AŌ er Treatment
Sample 3 Before and AŌ er Treatment
Color Changes:
Allbäck Boiled Organic Linseed Oil:
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Sample 4 Before and AŌ er Treatment
Sample 5 Before and AŌ er Treatment
Sample 6 Before and AŌ er Treatment
Color Changes:
Allbäck Boiled Organic Linseed Oil:
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Sample 1 Before and AŌ er Weathering
Sample 2 Before and AŌ er Weathering
Sample 3 Before and AŌ er Weathering
Color Changes:
Allbäck Boiled Organic Linseed Oil:
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Sample 4 Before and AŌ er Weathering
Sample 5 Before and AŌ er Weathering
Sample 6 Before and AŌ er Weathering
Color Changes:
Allbäck Boiled Organic Linseed Oil:
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Sample 1 Weathered Sample Compared to Weathered Control
Color Changes:
Sample 2 Weathered Sample Compared to Weathered Control
Sample 3 Weathered Sample Compared to Weathered Control
Allbäck Boiled Organic Linseed Oil:
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Color Changes:
Sample 4 Weathered Sample Compared to Weathered Control
Sample 5 Weathered Sample Compared to Weathered Control
Sample 6 Weathered Sample Compared to Weathered Control
Allbäck Boiled Organic Linseed Oil:
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Sample 1 Before and AŌ er Treatment
Sample 2 Before and AŌ er Treatment
Sample 3 Before and AŌ er Treatment
Color Changes:
Paraﬃ  n and Mineral Spirits:
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Sample 4 Before and AŌ er Treatment
Sample 5 Before and AŌ er Treatment
Sample 6 Before and AŌ er Treatment
Color Changes:
Paraﬃ  n and Mineral Spirits:
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Sample 1 Before and AŌ er Weathering
Sample 2 Before and AŌ er Weathering
Sample 3 Before and AŌ er Weathering
Color Changes:
Paraﬃ  n and Mineral Spirits:
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Sample 4 Before and AŌ er Weathering
Sample 5 Before and AŌ er Weathering
Sample 6 Before and AŌ er Weathering
Color Changes:
Paraﬃ  n and Mineral Spirits:
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Sample 1 Weathered Sample Compared to Weathered Control
Color Changes:
Sample 2 Weathered Sample Compared to Weathered Control
Sample 3 Weathered Sample Compared to Weathered Control
Paraﬃ  n and Mineral Spirits:
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Color Changes:
Sample 4 Weathered Sample Compared to Weathered Control
Sample 5 Weathered Sample Compared to Weathered Control
Sample 6 Weathered Sample Compared to Weathered Control
Paraﬃ  n and Mineral Spirits:
228
Sample 1 Before and AŌ er Treatment
Sample 2 Before and AŌ er Treatment
Sample 3 Before and AŌ er Treatment
Color Changes:
DEFY Extreme Exterior Clear Wood Stain:
229
Sample 4 Before and AŌ er Treatment
Sample 5 Before and AŌ er Treatment
Sample 6 Before and AŌ er Treatment
Color Changes:
DEFY Extreme Exterior Clear Wood Stain:
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Sample 1 Before and AŌ er Weathering
Sample 2 Before and AŌ er Weathering
Sample 3 Before and AŌ er Weathering
Color Changes:
DEFY Extreme Exterior Clear Wood Stain:
231
Sample 4 Before and AŌ er Weathering
Sample 5 Before and AŌ er Weathering
Sample 6 Before and AŌ er Weathering
Color Changes:
DEFY Extreme Exterior Clear Wood Stain:
232
Sample 1 Weathered Sample Compared to Weathered Control
Color Changes:
Sample 2 Weathered Sample Compared to Weathered Control
Sample 3 Weathered Sample Compared to Weathered Control
DEFY Extreme Exterior Clear Wood Stain:
233
Color Changes:
Sample 4 Weathered Sample Compared to Weathered Control
Sample 5 Weathered Sample Compared to Weathered Control
Sample 6 Weathered Sample Compared to Weathered Control
DEFY Extreme Exterior Clear Wood Stain:
234
Sample 1 Before and AŌ er Treatment
Sample 2 Before and AŌ er Treatment
Sample 3 Before and AŌ er Treatment
Color Changes:
Armstrong’s Wood Stain for Decks (Natural Tone):
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Sample 4 Before and AŌ er Treatment
Sample 5 Before and AŌ er Treatment
Sample 6 Before and AŌ er Treatment
Color Changes:
Armstrong’s Wood Stain for Decks (Natural Tone):
236
Sample 1 Before and AŌ er Weathering
Sample 2 Before and AŌ er Weathering
Sample 3 Before and AŌ er Weathering
Color Changes:
Armstrong’s Wood Stain for Decks (Natural Tone):
237
Sample 4 Before and AŌ er Weathering
Sample 5 Before and AŌ er Weathering
Sample 6 Before and AŌ er Weathering
Color Changes:
Armstrong’s Wood Stain for Decks (Natural Tone):
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Sample 1 Weathered Sample Compared to Weathered Control
Color Changes:
Sample 2 Weathered Sample Compared to Weathered Control
Sample 3 Weathered Sample Compared to Weathered Control
Armstrong’s Wood Stain for Decks (Natural Tone):
239
Color Changes:
Sample 4 Weathered Sample Compared to Weathered Control
Sample 5 Weathered Sample Compared to Weathered Control
Sample 6 Weathered Sample Compared to Weathered Control
Armstrong’s Wood Stain for Decks (Natural Tone):
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Sample 1 Before and AŌ er Treatment
Sample 2 Before and AŌ er Treatment
Sample 3 Before and AŌ er Treatment
Color Changes:
TWP 1500 Natural Stain (Natural Tone):
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Sample 4 Before and AŌ er Treatment
Sample 5 Before and AŌ er Treatment
Sample 6 Before and AŌ er Treatment
Color Changes:
TWP 1500 Natural Stain (Natural Tone):
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Sample 1 Before and AŌ er Weathering
Sample 2 Before and AŌ er Weathering
Sample 3 Before and AŌ er Weathering
Color Changes:
TWP 1500 Natural Stain (Natural Tone):
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Sample 4 Before and AŌ er Weathering
Sample 5 Before and AŌ er Weathering
Sample 6 Before and AŌ er Weathering
Color Changes:
TWP 1500 Natural Stain (Natural Tone):
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Sample 1 Weathered Sample Compared to Weathered Control
Color Changes:
Sample 2 Weathered Sample Compared to Weathered Control
Sample 3 Weathered Sample Compared to Weathered Control
TWP 1500 Natural Stain (Natural Tone):
245
Color Changes:
Sample 4 Weathered Sample Compared to Weathered Control
Sample 5 Weathered Sample Compared to Weathered Control
Sample 6 Weathered Sample Compared to Weathered Control
TWP 1500 Natural Stain (Natural Tone):
246
Sample 1 Before and AŌ er Treatment
Sample 2 Before and AŌ er Treatment
Sample 3 Before and AŌ er Treatment
Color Changes:
Flood CWF UV-5 PenetraƟ ng Wood Finish for Fences, Decks, and Siding (Natural Tone
(Clear)):
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Sample 4 Before and AŌ er Treatment
Sample 5 Before and AŌ er Treatment
Sample 6 Before and AŌ er Treatment
Color Changes:
Flood CWF UV-5 PenetraƟ ng Wood Finish for Fences, Decks, and Siding (Natural Tone
(Clear)):
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Sample 1 Before and AŌ er Weathering
Sample 2 Before and AŌ er Weathering
Sample 3 Before and AŌ er Weathering
Color Changes:
Flood CWF UV-5 PenetraƟ ng Wood Finish for Fences, Decks, and Siding (Natural Tone
(Clear)):
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Sample 4 Before and AŌ er Weathering
Sample 5 Before and AŌ er Weathering
Sample 6 Before and AŌ er Weathering
Color Changes:
Flood CWF UV-5 PenetraƟ ng Wood Finish for Fences, Decks, and Siding (Natural Tone
(Clear)):
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Sample 1 Weathered Sample Compared to Weathered Control
Color Changes:
Sample 2 Weathered Sample Compared to Weathered Control
Sample 3 Weathered Sample Compared to Weathered Control




Sample 4 Weathered Sample Compared to Weathered Control
Sample 5 Weathered Sample Compared to Weathered Control
Sample 6 Weathered Sample Compared to Weathered Control
Flood CWF UV-5 PenetraƟ ng Wood Finish for Fences, Decks, and Siding (Natural Tone
(Clear)):
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Sample 1 Before and AŌ er Treatment
Sample 2 Before and AŌ er Treatment
Sample 3 Before and AŌ er Treatment
Color Changes:
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
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Sample 4 Before and AŌ er Treatment
Sample 5 Before and AŌ er Treatment
Sample 6 Before and AŌ er Treatment
Color Changes:
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
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Sample 1 Before and AŌ er Weathering
Sample 2 Before and AŌ er Weathering
Sample 3 Before and AŌ er Weathering
Color Changes:
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
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Sample 4 Before and AŌ er Weathering
Sample 5 Before and AŌ er Weathering
Sample 6 Before and AŌ er Weathering
Color Changes:
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
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Sample 1 Weathered Sample Compared to Weathered Control
Color Changes:
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
Sample 2 Weathered Sample Compared to Weathered Control
Sample 3 Weathered Sample Compared to Weathered Control
257
Color Changes:
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
Sample 4 Weathered Sample Compared to Weathered Control
Sample 5 Weathered Sample Compared to Weathered Control
Sample 6 Weathered Sample Compared to Weathered Control
258
 Allbäck Boiled Organic Linseed Oil: Weathered Sample Compared to Weathered Control
Color Changes:
Curved Samples:
Paraﬃ  n and Mineral Spirits: Weathered Sample Compared to Weathered Control




Armstrong’s Wood Stain for Decks (Natural Tone): Weathered Sample Compared to Weathered 
Control
TWP 1500 Natural Stain (Natural Tone): Weathered Sample Compared to Weathered Control
Flood CWF UV-5 PenetraƟ ng Wood Finish for Fences, Decks, and Siding (Natural Tone
(Clear)): Weathered Sample Compared to Weathered Control
260
Color Changes:























































































































































































































































Fourier Transform Infrared Spectroscopy (FTIR):
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Allbäck Boiled Organic Linseed Oil:
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Fourier Transform Infrared Spectroscopy (FTIR):














































































































































Fourier Transform Infrared Spectroscopy (FTIR):

















































































































































































Fourier Transform Infrared Spectroscopy (FTIR):































































































































































Fourier Transform Infrared Spectroscopy (FTIR):





































































































































































































Fourier Transform Infrared Spectroscopy (FTIR):

































































































































































































Fourier Transform Infrared Spectroscopy (FTIR):










































































































































































Summary of Found Contact Angles:











CON-1 97.9 87.6 135.9 132.1
CON-2 95.9 88.4 127.5 134.7
CON-3 94.5 90.4 149 140.2
CON-4 107.4 104.8 141.9 151.1
CON-5 80.3 80.3 109.3 67.9
CON-6 96.2 91.1 100.7 96.8
Linseed Oil
LIN-1 84.9 84.9 85 82.1
LIN-2 81.3 78.9 71.6 78.5
LIN-3 85.6 86.7 83.5 85.2
LIN-4 77.7 73.8 66.9 65.9
LIN-5 71.9 68.7 72.4 72.1
LIN-6 86.4 81.9 70.1 78.7
Paraffin and 
Mineral Spirits
PAR-1 77.9 80.4 n/a n/a
PAR-2 74.4 74.2 n/a n/a
PAR-3 93.9 88 n/a n/a
PAR-4 67.7 64.7 146.7 70.7
PAR-5 84.8 88.7 76.9 113
PAR-6 75.2 76.9 131.4 132.5
DEFY Extreme 
(Clear)
DEF-1 107.8 99.9 86.2 82.1
DEF-2 93.1 97.6 79.9 80.5
DEF-3 74.9 72.8 76.8 78.4
DEF-4 57 58.8 81.2 86.6
DEF-5 64.2 61.8 88.4 86.4
DEF-6 61.4 61.2 77.7 81.3
Armstrong 
(Natural)
ARM-1 63 66.4 76.6 73.6
ARM-2 67.6 65.6 82.2 88.3
ARM-3 74.2 72 68.6 69.5
ARM-4 64.7 64.5 69.3 69.5
ARM-5 75.7 74.8 84.2 79.6
ARM-6 67.8 69.9 78.9 74.8
TWP 1500 
(Natural)
TWP-1 67.4 69 71.2 73.3
TWP-2 59.9 59.1 57.8 56.6
TWP-3 68.6 69.2 60.1 63.1
TWP-4 47.7 49.1 61.4 67.5
272
Summary of Found Contact Angles:
TWP-5 67.4 69.5 67.1 72.2
TWP-6 65.5 65.5 65.1 65.6
Flood CWF UV-5 
(Natural)
FLO-1 74.2 74.4 92.4 109.9
FLO-2 79.7 80.6 101.3 100.5
FLO-3 78.9 77.5 106.4 107.5
FLO-4 96.4 96.5 94.4 97.2
FLO-5 83.1 84.1 94.9 95.8
FLO-6 80.2 88.2 98.3 97.1
Messmer's UV 
Plus (Natural)
MES-1 81.8 80.3 71.5 69.8
MES-2 80.3 77.9 80.2 88.8
MES-3 76.2 77.4 78.5 80.3
MES-4 92.5 88.4 72.3 73.6
MES-5 72.8 71.2 62 60.8
MES-6 68.8 69.4 70.2 70.7
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TesƟ ng Images for Contact Angles:
275
Linseed Oil 1, Pre-Weathering Linseed Oil 1, Post-Weathering
Linseed Oil 2, Pre-Weathering
Linseed Oil 3, Pre-Weathering
Linseed Oil 2, Post-Weathering
Linseed Oil 3, Post-Weathering
Allbäck Boiled Organic Linseed Oil:
TesƟ ng Images for Contact Angles:
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Linseed Oil 4, Pre-Weathering Linseed Oil 4, Post-Weathering
Linseed Oil 5, Pre-Weathering
Linseed Oil 6, Pre-Weathering
Linseed Oil 5, Post-Weathering
Linseed Oil 6, Post-Weathering
Allbäck Boiled Organic Linseed Oil:
TesƟ ng Images for Contact Angles:
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Paraﬃ  n and Mineral Spirits 1, Pre-Weathering Paraﬃ  n and Mineral Spirits 1, Post-Weathering
Paraﬃ  n and Mineral Spirits 2, Pre-Weathering
Paraﬃ  n and Mineral Spirits 3, Pre-Weathering
Paraﬃ  n and Mineral Spirits 2, Post-Weathering
Paraﬃ  n and Mineral Spirits 3, Post-Weathering
Paraﬃ  n and Mineral Spirits:
TesƟ ng Images for Contact Angles:
278
Paraﬃ  n and Mineral Spirits 4, Pre-Weathering Paraﬃ  n and Mineral Spirits 4, Post-Weathering
Paraﬃ  n and Mineral Spirits 5, Pre-Weathering
Paraﬃ  n and Mineral Spirits 6, Pre-Weathering
Paraﬃ  n and Mineral Spirits 5, Post-Weathering
Paraﬃ  n and Mineral Spirits 6, Post-Weathering
Paraﬃ  n and Mineral Spirits:
TesƟ ng Images for Contact Angles:
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DEFY Extreme 1, Pre-Weathering DEFY Extreme 1, Post-Weathering
DEFY Extreme 2, Pre-Weathering
DEFY Extreme 3, Pre-Weathering
DEFY Extreme 2, Post-Weathering
DEFY Extreme 3, Post-Weathering
DEFY Extreme Exterior Clear Wood Stain:
TesƟ ng Images for Contact Angles:
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DEFY Extreme 4, Pre-Weathering DEFY Extreme 4, Post-Weathering
DEFY Extreme 5, Pre-Weathering
DEFY Extreme 6, Pre-Weathering
DEFY Extreme 5, Post-Weathering
DEFY Extreme 6, Post-Weathering
DEFY Extreme Exterior Clear Wood Stain:
TesƟ ng Images for Contact Angles:
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Armstrong’s Wood Stain 1, Pre-Weathering Armstrong’s Wood Stain 1, Post-Weathering
Armstrong’s Wood Stain 2, Pre-Weathering
Armstrong’s Wood Stain 3, Pre-Weathering
Armstrong’s Wood Stain 2, Post-Weathering
Armstrong’s Wood Stain 3, Post-Weathering
Armstrong’s Wood Stain for Decks (Natural Tone):
TesƟ ng Images for Contact Angles:
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Armstrong’s Wood Stain 4, Pre-Weathering Armstrong’s Wood Stain 4, Post-Weathering
Armstrong’s Wood Stain 5, Pre-Weathering
Armstrong’s Wood Stain 6, Pre-Weathering
Armstrong’s Wood Stain 5, Post-Weathering
Armstrong’s Wood Stain 6, Post-Weathering
Armstrong’s Wood Stain for Decks (Natural Tone):
TesƟ ng Images for Contact Angles:
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TWP 1500 1, Pre-Weathering TWP 1500 1, Post-Weathering
TWP 1500 2, Pre-Weathering
TWP 1500 3, Pre-Weathering
TWP 1500 2, Post-Weathering
TWP 1500 3, Post-Weathering
TWP 1500 Natural Stain (Natural Tone):
TesƟ ng Images for Contact Angles:
284
TWP 1500 4, Pre-Weathering TWP 1500 4, Post-Weathering
TWP 1500 5, Pre-Weathering
TWP 1500 6, Pre-Weathering
TWP 1500 5, Post-Weathering
TWP 1500 6, Post-Weathering
TWP 1500 Natural Stain (Natural Tone):
TesƟ ng Images for Contact Angles:
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Flood CWF UV-5 1, Pre-Weathering Flood CWF UV-5 1, Post-Weathering
Flood CWF UV-5 2, Pre-Weathering
Flood CWF UV-5 3, Pre-Weathering
Flood CWF UV-5 2, Post-Weathering
Flood CWF UV-5 3, Post-Weathering
Flood CWF UV-5 PenetraƟ ng Wood Finish for Fences, Decks, and Siding (Natural Tone
(Clear)):
TesƟ ng Images for Contact Angles:
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Flood CWF UV-5 4, Pre-Weathering Flood CWF UV-5 4, Post-Weathering
Flood CWF UV-5 5, Pre-Weathering
Flood CWF UV-5 6, Pre-Weathering
Flood CWF UV-5 5, Post-Weathering
Flood CWF UV-5 6, Post-Weathering
Flood CWF UV-5 PenetraƟ ng Wood Finish for Fences, Decks, and Siding (Natural Tone
(Clear)):
TesƟ ng Images for Contact Angles:
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Messmer’s UV Plus 1, Pre-Weathering Messmer’s UV Plus 1, Post-Weathering
Messmer’s UV Plus 2, Pre-Weathering
Messmer’s UV Plus 3, Pre-Weathering
Messmer’s UV Plus 2, Post-Weathering
Messmer’s UV Plus 3, Post-Weathering
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
TesƟ ng Images for Contact Angles:
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Messmer’s UV Plus 4, Pre-Weathering Messmer’s UV Plus 4, Post-Weathering
Messmer’s UV Plus 5, Pre-Weathering
Messmer’s UV Plus 6, Pre-Weathering
Messmer’s UV Plus 5, Post-Weathering
Messmer’s UV Plus 6, Post-Weathering
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
TesƟ ng Images for Contact Angles:
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0 Hours (Pre-Weathering)
Control / Linseed / Paraﬃ  n 
and Mineral Spirits
100 Hours
Control / Linseed / Paraﬃ  n 
and Mineral Spirits
200 Hours
Control / Linseed / Paraﬃ  n 
and Mineral Spirits
Sample Changes Over Time:
Appendix F - Photographs of Samples                                                                        
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300 Hours 
Control / Linseed / Paraﬃ  n 
and Mineral Spirits
400 Hours
Control / Linseed / Paraﬃ  n 
and Mineral Spirits
500 Hours
Control / Linseed / Paraﬃ  n 
and Mineral Spirits
Sample Changes Over Time:
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600 Hours 
Control / Linseed / Paraﬃ  n 
and Mineral Spirits
700 Hours
Control / Linseed / Paraﬃ  n 
and Mineral Spirits
800 Hours
Control / Linseed / Paraﬃ  n 
and Mineral Spirits
Sample Changes Over Time:
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0 Hours (Pre-Weathering)
DEFY / Armstrong / TWP 
1500
100 Hours
DEFY / Armstrong / TWP 
1500
200 Hours
DEFY / Armstrong / TWP 
1500
Sample Changes Over Time:
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300 Hours 
DEFY / Armstrong / TWP 
1500
400 Hours
DEFY / Armstrong / TWP 
1500
500 Hours
DEFY / Armstrong / TWP 
1500
Sample Changes Over Time:
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600 Hours 
DEFY / Armstrong / TWP 
1500
700 Hours
DEFY / Armstrong / TWP 
1500
800 Hours
DEFY / Armstrong / TWP 
1500




























Top (leŌ  to right): Linseed 
/ Paraﬃ  n / Armstrong / 
Control
BoƩ om (leŌ  to right): 




Top (leŌ  to right): Linseed 
/ Paraﬃ  n / Armstrong / 
Control
BoƩ om (leŌ  to right): 




Top (leŌ  to right): Linseed 
/ Paraﬃ  n / Armstrong / 
Control
BoƩ om (leŌ  to right): 
Flood / DEFY / TWP 1500 / 
Messmer’s




Top (leŌ  to right): Linseed 
/ Paraﬃ  n / Armstrong / 
Control
BoƩ om (leŌ  to right): 




Top (leŌ  to right): Linseed 
/ Paraﬃ  n / Armstrong / 
Control
BoƩ om (leŌ  to right): 




Top (leŌ  to right): Linseed 
/ Paraﬃ  n / Armstrong / 
Control
BoƩ om (leŌ  to right): 
Flood / DEFY / TWP 1500 / 
Messmer’s




Top (leŌ  to right): Linseed 
/ Paraﬃ  n / Armstrong / 
Control
BoƩ om (leŌ  to right): 




Top (leŌ  to right): Linseed 
/ Paraﬃ  n / Armstrong / 
Control
BoƩ om (leŌ  to right): 




Top (leŌ  to right): Linseed 
/ Paraﬃ  n / Armstrong / 
Control
BoƩ om (leŌ  to right): 
Flood / DEFY / TWP 1500 / 
Messmer’s
Sample Changes Over Time:
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Sample Changes Over Time:
800 Hours (Post-Weathering)
Control / Linseed / Paraﬃ  n 
and Mineral Spirits
800 Hours (Post-Weathering)








Top (leŌ  to right): Linseed 
/ Paraﬃ  n / Armstrong / 
Control
BoƩ om (leŌ  to right): 
Flood / DEFY / TWP 1500 / 
Messmer’s
Sample Changes Over Time:
Samples aŌ er weathering with secƟ ons cut oﬀ  of ends pre-weathering for comparison:
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Control, 800 Hours (Post-Weathering) Linseed Oil, 800 Hours (Post-Weathering)










DEFY Extreme, 800 Hours (Post-
Weathering)
Sample Changes Over Time:
Samples aŌ er weathering with secƟ ons cut oﬀ  of ends pre-weathering for comparison:
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Armstrong’s Wood Stain, 800 Hours 
(Post-Weathering)
Sample Changes Over Time:
Samples aŌ er weathering with secƟ ons cut oﬀ  of ends pre-weathering for comparison:
TWP 1500, 800 Hours (Post-Weathering)










Messmer’s UV Plus, 800 Hours (Post-
Weathering)
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Sample Changes Over Time:
Curved samples aŌ er weathering for 800 hours:
Linseed Oil
Flood CWF UV-5



















































































































































Sample Changes Over Time:






















Sample Changes Over Time:



























































Sample Changes Over Time:





























Sample Changes Over Time:






















Sample Changes Over Time:



























































Sample Changes Over Time:





























Sample Changes Over Time:






















Sample Changes Over Time:



























































Sample Changes Over Time:





























Sample Changes Over Time:






















Sample Changes Over Time:



























































Sample Changes Over Time:





























Sample Changes Over Time:






















Sample Changes Over Time:



























































Sample Changes Over Time:





























Sample Changes Over Time:






















Sample Changes Over Time:



























































Sample Changes Over Time:





























Sample Changes Over Time:
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
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Sample Changes Over Time:
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
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Curved Samples (Linseed Oil (Top) and Flood CWF UV-5 (BoƩ om)):
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Curved Samples (Paraﬃ  n and Mineral Spirits (Top) & DEFY Extreme (BoƩ om):
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Curved Samples (Armstrong’s Wood Stain (Top) & TWP 1500 (BoƩ om):
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Curved Samples (Control (Top) & Messmer’s UV Plus (BoƩ om):
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Detail photographs of each sample post-weathering:
Control:
339
Allbäck Boiled Organic Linseed Oil:
Detail photographs of each sample post-weathering:
340
Detail photographs of each sample post-weathering:
Paraﬃ  n and Mineral Spirits:
341
Detail photographs of each sample post-weathering:
DEFY Extreme Exterior Clear Wood Stain:
342
Detail photographs of each sample post-weathering:
Armstrong’s Wood Stain for Decks (Natural Tone):
343
Detail photographs of each sample post-weathering:
TWP 1500 Natural Stain (Natural Tone):
344
Detail photographs of each sample post-weathering:
Flood CWF UV-5 PenetraƟ ng Wood Finish for Fences, Decks, and Siding (Natural Tone 
(Clear)):
345
Detail photographs of each sample post-weathering:
Messmer’s U.V. Plus Exterior Wood Finish (Natural):
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Detail photographs of each sample post-weathering:
Curved:








Appendix G - T-test Calcula?ons                                                                                    







72.77 72.77 73.09 74.93
Mean 72.365 72.365 Mean 69.42 71.08
Variance 8.77805 8.77805 Variance 101.9592 87.9138








df 2 df 1
t?Stat 0 t?Stat ?3.25490196
P(T<=t)?one?tail 0.5 P(T<=t)?one?tail 0.094880398
t?Critical?one?tail 2.91998558 t?Critical?one?tail 6.313751515
P(T<=t)?two?tail 1 P(T<=t)?two?tail 0.189760796






76.41 77.18 76.87 78.22
Mean 70.245 70.935 Mean 63.66 64.86
Variance 82.56125 70.21125 Variance 19.0962 14.6882









df 1 df 1
t?Stat ?1.38 t?Stat ?3.15789474
P(T<=t)?one?tail 0.199602791 P(T<=t)?one?tail 0.097618104
t?Critical?one?tail 6.313751515 t?Critical?one?tail 6.313751515
P(T<=t)?two?tail 0.399205582 P(T<=t)?two?tail 0.195236209






74.3 76.02 58.01 59.27
Mean 76.205 78.345 Mean 73.42 74.23
Variance 17.11125 16.07445 Variance 0.3362 0.2592









df 1 df 1
t?Stat ?23.7777778 t?Stat ?16.2
P(T<=t)?one?tail 0.01337898 P(T<=t)?one?tail 0.019623859
t?Critical?one?tail 6.313751515 t?Critical?one?tail 6.313751515
P(T<=t)?two?tail 0.02675796 P(T<=t)?two?tail 0.039247718
t?Critical?two?tail 12.70620474 t?Critical?two?tail 12.70620474
348






76.11 77.21 68.68 69.56
Mean 75.75 76.495 Mean 67.31 68.49
Variance 16.9362 15.40125 Variance 0.6498 0.7442









df 1 df 1
t?Stat ?5.51851852 t?Stat ?29.5
P(T<=t)?one?tail 0.057061132 P(T<=t)?one?tail 0.010786036
t?Critical?one?tail 6.313751515 t?Critical?one?tail 6.313751515
P(T<=t)?two?tail 0.114122264 P(T<=t)?two?tail 0.021572071

























72.77 71.71 74.93 73.3
Mean 72.365 70.815 Mean 71.08 69.16
Variance 8.77805 5.61125 Variance 87.9138 84.7602









df 1 df 1
t?Stat 3.69047619 t?Stat 16
P(T<=t)?one?tail 0.084229125 P(T<=t)?one?tail 0.019868524
t?Critical?one?tail 6.313751515 t?Critical?one?tail 6.313751515
P(T<=t)?two?tail 0.168458251 P(T<=t)?two?tail 0.039737049






77.18 75.55 78.22 76.48
Mean 70.935 69.01 Mean 64.86 63.21
Variance 70.21125 64.0712 Variance 14.6882 11.9072









df 1 df 1
t?Stat 7.264150943 t?Stat 6.111111111
P(T<=t)?one?tail 0.043545583 P(T<=t)?one?tail 0.051629492
t?Critical?one?tail 6.313751515 t?Critical?one?tail 6.313751515
P(T<=t)?two?tail 0.087091166 P(T<=t)?two?tail 0.103258984







76.02 74.16 59.27 57.47
Mean 78.345 76.865 Mean 74.23 72.44
Variance 16.07445 16.99445 Variance 0.2592 0.2592
Observations 2 2 Observations 2 2
Pearson?





df 1 df 2
t?Stat 18.5 t?Stat 3.515892051
P(T<=t)?one?tail 0.017189211 P(T<=t)?one?tail 0.036119964
t?Critical?one?tail 6.313751515 t?Critical?one?tail 2.91998558
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77.21 75.58 69.56 67.82
Mean 76.495 74.49 Mean 68.49 66.78
Variance 15.40125 16.7042 Variance 0.7442 0.5832









df 1 df 1
t?Stat 17.43478261 t?Stat 24.42857143
P(T<=t)?one?tail 0.018237194 P(T<=t)?one?tail 0.013022958
t?Critical?one?tail 6.313751515 t?Critical?one?tail 6.313751515
P(T<=t)?two?tail 0.036474388 P(T<=t)?two?tail 0.026045916


























97.9 135.9 87.6 132.1
Mean 94.86 125.68 Mean 91 118.14
Variance 93.063 425.632 Variance 78.015 1206.673









df 4 df 4
t?Stat ?3.86619488 t?Stat ?2.12226546
P(T<=t)?one?tail 0.009025905 P(T<=t)?one?tail 0.050541944
t?Critical?one?tail 2.131846786 t?Critical?one?tail 2.131846786
P(T<=t)?two?tail 0.01805181 P(T<=t)?two?tail 0.101083887







84.9 85 84.9 82.1
Mean 80.58 72.9 Mean 78 76.08
Variance 35.807 39.535 Variance 48.96 53.842









df 4 df 4
t?Stat 2.51723465 t?Stat 1.039829778
P(T<=t)?one?tail 0.032774829 P(T<=t)?one?tail 0.178569853
t?Critical?one?tail 2.131846786 t?Critical?one?tail 2.131846786
P(T<=t)?two?tail 0.065549657 P(T<=t)?two?tail 0.357139706







77.9 180 80.4 180
Mean 79.2 143 Mean 78.5 135.24
Variance 104.685 1813.865 Variance 101.445 2168.613









df 4 df 4
t?Stat ?3.25700597 t?Stat ?2.97432075
P(T<=t)?one?tail 0.015584385 P(T<=t)?one?tail 0.020484273
t?Critical?one?tail 2.131846786 t?Critical?one?tail 2.131846786
P(T<=t)?two?tail 0.031168771 P(T<=t)?two?tail 0.040968547
t?Critical?two?tail 2.776445105 t?Critical?two?tail 2.776445105
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107.8 86.2 99.9 82.1
Mean 70.12 80.8 Mean 70.44 82.64
Variance 208.537 21.085 Variance 259.688 13.543









df 4 df 4
t?Stat ?1.47785003 t?Stat ?1.47860866
P(T<=t)?one?tail 0.106758232 P(T<=t)?one?tail 0.106662549
t?Critical?one?tail 2.131846786 t?Critical?one?tail 2.131846786
P(T<=t)?two?tail 0.213516463 P(T<=t)?two?tail 0.213325097







63 76.6 66.4 73.6
Mean 70 76.64 Mean 69.36 76.34
Variance 22.205 52.923 Variance 18.653 62.403









df 4 df 4
t?Stat ?1.91404546 t?Stat ?1.66856774
P(T<=t)?one?tail 0.064073615 P(T<=t)?one?tail 0.085263838
t?Critical?one?tail 2.131846786 t?Critical?one?tail 2.131846786
P(T<=t)?two?tail 0.12814723 P(T<=t)?two?tail 0.170527676







67.4 71.2 69 73.3
Mean 61.82 62.3 Mean 62.48 65
Variance 73.427 14.195 Variance 73.502 33.155









df 4 df 4
t?Stat ?0.13225399 t?Stat ?0.59598622
P(T<=t)?one?tail 0.450584652 P(T<=t)?one?tail 0.291635695
t?Critical?one?tail 2.131846786 t?Critical?one?tail 2.131846786
P(T<=t)?two?tail 0.901169304 P(T<=t)?two?tail 0.583271389
t?Critical?two?tail 2.776445105 t?Critical?two?tail 2.776445105
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74.2 92.4 74.4 109.9
Mean 83.66 99.06 Mean 85.38 99.62
Variance 53.233 24.623 Variance 54.547 22.417









df 4 df 4
t?Stat ?3.05607293 t?Stat ?2.85167533
P(T<=t)?one?tail 0.018901595 P(T<=t)?one?tail 0.023158648
t?Critical?one?tail 2.131846786 t?Critical?one?tail 2.131846786
P(T<=t)?two?tail 0.03780319 P(T<=t)?two?tail 0.046317296







81.8 71.5 80.3 69.8
Mean 78.12 72.64 Mean 76.86 74.84
Variance 82.597 52.693 Variance 55.558 110.123









df 4 df 4
t?Stat 1.254250894 t?Stat 0.432781413
P(T<=t)?one?tail 0.139022474 P(T<=t)?one?tail 0.343743287
t?Critical?one?tail 2.131846786 t?Critical?one?tail 2.131846786
P(T<=t)?two?tail 0.278044948 P(T<=t)?two?tail 0.687486574
t?Critical?two?tail 2.776445105 t?Critical?two?tail 2.776445105
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UV-B 313 ...................................................................................................................................... 75
Water Repellence ......................................................................................................... 80, 112, 153
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